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1. Title of the Invention: 

PROCESS FOR PRODUCING ETHYLENE OXIDE 

2. Claims 

1. A process for producing ethylene oxide by oxidizing 
ethylene, which process comprises using as the oxidation 
catalyst a silver catalyst prepared by impregnating silver 
and, optionally, an alkali metal component or an alkaline 
earth metal component into a n on-acidic^ sup po^ having a total 
content of alu mina, silica, and titania of^rio t less than^ ^g^^ 
percent by weight, a content of metals of groups Va, Via, 
Vila, VIII, lb, and lib in the periodic table of less than 
0.1 percent by weight' in terms of a total content of oxides 
of the metals, and not allowing Met hyl Red with a pKa of +4.8 



to show a color change into its acid color. 

2. A process as described in Claim 1, wherein the 
non-acidic supp ort is o ne havi ng a surface area o f from 0.5 
to 10 m^/g or__fr^^ ^ s^m^z^/rj. 



3. A process as described in claim 1 or claim 2, wherein 
the silver catalyst is one prepared by impregnating 1 to 2 5 
percent by weight or 3 to 30 percent by weight of silver into 
the non-acidic support. 





(Page 2j left upper column, line 18 to left lov;er column, 
line 13) 

As descried above, the support in the silver catalyst 
used in this invention is a non-acidic one having a total 
content of alumina, silica, and titania of not less than 99 
percent by weight, a content of metals groups Va, Via, Vila, 
VIII, lb, and lib (for example, vanadium, chromium, manganese, 
iron, copper, zinc, etc. ) in the periodic table of less than 
0.1 percent by weight in terms of a total content of oxides 
of the metals, and not allowing Methyl Red with a pKa of +4.8 
to show a color change into its acid color. 

As regards a method for measuring the acid strength of 
such a solid, it is described in "Acid Base Catalyst" written 
by Kozo Tanabe and Tsunekazu Takeshita and published April 
26, 1966 by Sangyo Tosho Kabushiki Kaisha; page 161 ff . By 
the phrase "a non-acidic support not allowing Meth yl Red w jXh 
a pKa of + 4.8 to show a color change into ita a^id ^<->-1-r:^r " 

used in this specif i cation i meant ^ snpp'^rt whi^h_ is 

iT ^rv^acjj^ g^jft^^ according to the method desc ried 

in the ;=>j2Qye 1 i tP^r-at-nr-^ . 



The su pport of this invention is a porous re^^'^^^^^^ ^^^^'^y^ 
^ . 

support which can be prepare d by metho ds well-kno_wn_to those 
skilled in the art. whether or not the oxide shows acidity 
to which attention is paid in this invention depends on its 
purity and its calcination conditions such as a calcination 
temperature . In general , low purity is apt to cause acidity • 
Nevertheless, even highly pure silica^ ^alumina . or titan ia^ 
or a highly pure compou nd oxi de thereof is apt to develop 
acidity when the c^lr-i nation t^mpfi^r'^i-nr-pa jj^nreparing the 



oxidg^^J^^s^pw. It is therefore desirable from the point of 
view of inhibiting acidity that the calcination temperature 
is high. When thecalcination temperature is excessively high. 





the surface area of the support__jterids to decrease, so that 
the upper limit of the desirable calcination temperature is 
limited to some extent . A desirable calcination temperature 
may vary with the kinds of oxides, combinations thereof, 
impurity contents thereof, the des ^pjsed--^urTarre--a-£^^a_gJ^ a 
support, etc, so that it can not be generally specified 
uncofjditrlonaTly^ Nevertheless, the calcination 



te mperature is s uitably^se^ wi i-h i n -i-jie jrange of, usii ajmL, 

from 1,000°C to 2,000'C. 



10 



(Page 3, left lower column, line 8 to page 4, right lower 
column, bottom line) 
EXAMPLE 1 

15 20 g of AgNOs was dissolved in 100 ml of deionized water, 

to this solution a solution prepared by dissolving 12 g of 
potassium oxalate (K2C204-H20) in 100 ml of deionized water 
was added, and the resulting solution was vigorously agitated 
and reacted by heating at 60°C for 2 hours . The formed silver 

20 oxalate as a white precipitate was fully washed with deionized 
water, and this was added to 22 ml of an ethylenediamine/water 
1 : 1 mixture (by volume) under cooling with ice and was dissolved. 
To 28 mol of the formed aqueous solution was added 100 g of 
molded supgQjrt (outside diameter 8 mm x inside diameter 3 

2 5 mm jfheight 9 mm) prepared by molding in a ring a non-acidic 
support containing 99 . 9^ercent by weight o^fAl^^ , 0.05 percent 
by ^eight of^ ^^^ , 0 y33 percent by weight of Fe203/ and 0.01 
percen t by weight of other me tal oxides (Na20, CaO, etc.) and 
not allowing Methyl Red with a pKa of +4.8 to show a color 

30 change into its acid color, the mixture was dried under 
evacuation, heated fromroom temperature to 300''C over a period 
of 2 hours in a nitrogen stream, and fired by further heating 
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at 300°C for 2 hours to prepare a silver catalyst. The silver 
catalyst was one in which the amount of Ag impregnated was 
about 10 percent by weight based on the support, the particle 
diameters of the Ag particles deposited on the support were 
5 1, 800 A on the average, and the Ag particles were uniformly 
dispersed and impregnated. 

Next, a reaction tube having an inside diameter of 2 0 
mm was packed with 30 g of the silver catalyst, and a reactant 
gas containing 10 percent by volume of O2, 30 percent by volume 

10 of ethylene, and 60 percent by volume of N2 at normal pressure 
with or without the addition of vinyl chloride as a reaction 
retarder was passed through the reaction tube under conditions 
including various reaction temperatures and a space velocity 
of 300 hour" and reacted. Table 1 shows the results. 

15 COMPARATIVE EXAMPLE 1 

The support in Example 1 was replaced by an aci dic supp ort 

containing .99 . 1 percent by weig ht of AljiQ a/ 0.3 _£ ercent by 

weight of Si02, 0.1 percent by weight of Fe203, and 0 . 5 per cent 
t» . . — — . ' ' 

by weight of^other ^etal oxides and allov n-ng^^M^ with 

2 0 a pK a of 4-^4 . 8 to show a color cnange into its ar ^?^ nralor, 

A silver catalyst was prepared in the same manner as in Example 
1 except that the molded support in Example 1 was replaced 
by a molded support (outside diameter 8 mm x inside diameter 
3 mm X height 9 imu, surface area 0 . 25 m^ /g ) prepared by molding 
25 the acidic support in a ring. The reaction was performed in 
the same manner as in Example 1 except that the thus prepared 
silver catalyst (the amount of Ag impregnated was about 10 
percent by weight, and the average particle diameter of the 
Ag particles was 2 , 500 A ) was used. Table 1 shows the results . 

3 0 EXAMPLE 2 

100 g of a catalyst prepared by the method in Example 
1 was taken, immersed in 100 ml of a 0 . 2 weight % water /methanol 
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solution containing dissolved CSNO3 (100 ppm in terms of Cs) 
for 2 hours at room temperature , and dried at 1 1 0°C in a nitrogen 
stream to prepare a Cs-impregnated catalyst (the amount of 
Cs impregnated into the catalyst was 62 mg/kg catalyst), 
5 The reaction was performed in quite the same manner as 

in Example 1 except that the catalyst in Example 1 was replaced 
by this catalyst. Table 1 shows the results. 



Table 1 





Reaction 


Amount of vinyl 


Conversion 


Selectivity for 


Example 


Temperature 


chloride added 


of Oxygen 


ethylene oxide 




rc) 


(ppm) 


(%) 


(%) 




150 


0 


42 


65 


Exsunple 1 










200 


4 


35 


78 


Example 2 


150 


0 


40 


67 


Comparative 


150 


0 


< 5 




Example 1 


170 


0 


40 


54 



10 

The comparison of the results in Examples with those 
in Comparative Example in Table 1 reveals that the catalysts 
in Examples had higher catalytic activities and higher 
selectivities for ethylene oxide than the catalyst in 
15 Comparative Example did, 
EXAMPLE 3 

The reaction was performed continuously for one year 
under reaction conditions including a reaction pressure of 
14k:g/m2, a reaction temperature of 240°C , and a space velocity 

20 of 3 ,000 hr"^ by using the same catalyst as in Example 1 and 
using a reactant gas containing 7 percent by volume of 
30 percent by volume of ethylene, 63 percent by volume of 
methane and others, and 10 ppm of ethylene dichloride. The 
reaction was performed by using the catalyst which had been 

25 used for one year and the same conditions (the amount of vinyl 
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chloride added was 0 ppm) as in Example 1. Table 2 shows the 
conversion of oxygen in this reaction. Further, the above 
catalyst which had been used for one year had an Ag particle 
diameter of 2 , 500 A on the average and thus underwent a slight 
5 increase in the Ag particle diameter even after it had been 
used for one year. 
COMPARATIVE EXAMPLE 2 

The reaction was performed continuously for one year 
under the same conditions as in Example 3 except that the 

10 catalyst in Example 3 was replaced by the same catalyst as 
used in Comparative Example 1. Next, the reaction was 
performed under the same conditions (the amount of vinyl 
chloride added was 0 ppm) as in Example 1 except that the 
catalyst which had been used for one year. Table 2 shows the 

15 results. Further, the catalyst which had been used for one 
year had an Ag particle diameter of about 5,000 A, so that 
it was recognized to have undergone marked growth of the Ag 
particles . 

20 Table 2 





Reaction Temperature 


Conversion of Oxygen 


Example 




(%) 


Excimple 3 


174 


40 


Comparative 


174 


< 1 


Example 2 


210 


40 



The results in Table 2 show that the catalyst of this 
invention had high activity even after one-year use and 
underwent little change in activity during use. 
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